A Plaque Assay for Mount Elgon Bat Virus Based on
Intrinsic Interference (Accepted 15 March 1978) SUMMARY A plaque count infectivity assay was developed in which chick cells infected with the Mount Elgon bat virus were completely resistant to superinfection with large doses of Sendai virus. Several variables markedly affected the assay sensitivity. The defined plaque assay was simple, highly reproducible and sensitive. It allowed determination of virus neutralizing antibody in a simple and reproducible test. Both actinomycin D and 5-iododeoxyuridine were without effect on plaque formation.
Mount Elgon bat virus was isolated from salivary glands of a bat, Rhinolophus hildebrandtii eloquens, captured on the slopes of Mount Elgon (Metselaar et al. 1969) . The agent was found to be ether sensitive and to have rhabdovirus morphology but failed to cross-react antigenically with several members of the rhabdovirus family (Metselaar et al. 1969; Murphy et al. 197o) . The authors grew the virus in brains of suckling mice, but were unable to grow the agent in cultures of mammalian and avian cells. Metselaar et al. (1969) thought that lack of cytopathic effect in cell cultures indicated lack of virus multiplication. The present experiments showed that the virus does, in fact, multiply non-cytopathically in some of these cell types, namely primary cultures of chick and mouse (LACA) embryo fibroblasts. In addition to these cells, virus also multiplied non-cytopathically in rat (Sprague Dawley) embryo fibroblasts and also in rabbit kidney (RK-I3) cells. This was discovered in attempts to adapt Mount Elgon bat virus to an indirect plaque assay procedure based upon the intrinsic interference phenomenon similar to that used to titrate the infectivity of other non-haemadsorbing and non-cytopathic viruses (Marcus & Carver, I965, 1967, I969) .
The present report describes a precise and reproducible method for titrating the infectivity of Mount Elgon bat virus by plaque counts in monolayers of chick cells. It is based on the finding that cells infected with the virus were completely resistant to superinfection with large doses of Sendal virus. These infected cells, whether single or as loci, can be detected by their failure to adsorb erythorocytes under conditions used for the titration of several myxoviruses (Busby et al. I964; Dougherty, I964) . Assays made in the mouse, rat and rabbit cells were at least loo-fold less sensitive compared to those in the chick cells. Another feature favouring the chick ceils was the observation of a poorer quality of haemadsorption positive background in the cultures of mouse and rat embryo fibroblasts.
Virus stocks used in the study were prepared by serial cultivation of Mount Elgon bat virus seed (BP 846) in brains of 2-to 4-day-old LACA mice (Animal Laboratory Centre, Carshalton, Surrey). Sendai virus was grown in the allantoic cavity of Io-day-old chick embryos. The embryos were inoculated with IOO to Iooo embryo IDs0 of virus and incubated at 32 to 33 °C for 72 h, when the allantoic fluids were collected and cellular debris removed by centrifugation. Pooled fluids were stored at -7 o °C. Median infective dose was determined by allantoic inoculation of chick embryos. Endpoints were calculated by the Spearman-K~rber method (Dougherty, 1964) taking haemagglutinin in allantoic fluids from test embryos as evidence of infection by Sendal virus; control fluids came from embryos inoculated with uninfected allantoic fluid. Virus stocks were diluted in tenfold steps and each tested in four or five embryos.
The cells were prepared from I I-day-old embryos of free-range White Leghorn hens. Embryo carcases with limbs, viscera and heads removed were washed several times in Gey's A + C saline, pH 7"6 (Busby et al. I964), minced with scissors and dispersed by stirring at 37 °C for 3o rain with o'25 % Difco trypsin in Gey's A + C saline, pH 7"6 (3 to 4 ml trypsin/ embryo). The cell growth medium was Eagle's MEM (Flow Laboratories, Irvine, Scotland) supplemented with Io % calf serum (Biocult Laboratories, Glasgow Scotland), IOO units penicillin/ml, IOO/zg streptomycin/ml and buffered with either 2o mi-tris-HC1, pH 7"2 + IO mi-bicarbonate or 3o mM-bicarbonate+ 5 % COs in air. Sixty millimetre Petri dishes were seeded with 3o to 35 x lO s viable chick cells in 5 ml medium per dish and incubated in a humid atmosphere at 35 °C. Cells exluding o-2% trypan blue in Gey's A + C saline, pH 7"6, after 5 to IO min incubation at room temperature were regarded as viable. Twelve to I4 h later the monolayers were washed with Dulbecco's complete saline, pH 7"3. Virus was adsorbed to the culture for 3 h at 35 °C and the monolayer covered with 5 ml of overlay Short communications 66I medium. This consisted of Eagle's MEM + 4 % calf serum and antibiotics as before, plus I. 3 % low viscosity carboxymethyl cellulose (CMC; Koch Light Ltd, Colnbrook, Bucks); it was buffered with either 2o mM-tris-HC1, pH 7"8, or 35 mM-bicarbonate + 5 % CO2 in air. The cultures were incubated in a humid atmosphere at 35 °C to allow non-lyric plaques to form. To visualize these plaques, the cultures were challenged with Sendai virus diluted in PBS A, pH 7"3-Cell cultures were prepated for challenge by washing with PBS A, pH 7"3, and overlaying each with sufficient Sendai virus, added in 0"5 ml PBS A, pH 7"3, to obtain an input m.o.i. of IO to Ioo chick embryo IDs0/cell. The cultures were incubated in a humid atmosphere at 35 °C for I h, and then washed with PBS A, pH 7"3, to remove free virus. Cultures were covered with 4 to 5 ml of Eagle's MEM containing 2 % calf serum, antibiotics as before and 2o mM-tris-HC1, pH 7"2, and incubated in a humid atmosphere at 35 °C.
Twelve to I7 h after challenge the medium was discarded, the cultures washed with 4 to 5 ml PBS A, pH 7"3, covered with 4 to 5 ml ofa 2 % (w/v) suspension of human erythrocytes (group O, Rhesus positive) in PBS A, pH 7"3, and incubated at 4 °C for I5 to 20 min. Unadsorbed erythrocytes were gently washed off with ice-cold PBS A, pH 6.0, to reveal welldefined haemadsorption negative (HAD-) plaques in a background of haemadsorption positive (HAD + ) cells. The quality of the HAD + background was uniform enough to reveal plaques as small as o'5 mm (Fig. I) . The plaque preparations were fixed with industrial methylated spirit (3 to 4 ml/culture) after drying the preparations at room temperature for I5 to 30 min. Cultures could thus be kept for permanent records of experiments.
Challenge of cultures made at intervals after infection with Mount Elgon bat virus showed that counts of primary plaques could be made in the presence of CMC overlay at any time from 60 to I68 h; longer times were not tested. In the absence of CMC in the overlay, however, secondary plaques appeared from 60 h onwards.
Experiments to standardize the variables influencing assay performance (Porterfield & Allison, i96o; Dougherty, I964; Cooper, 1967) included examination of conditions of growth, nourishment and infection of cultures. These were tested in relation to initial growth of Mount Elgon bat virus. The latter parameter was examined in relationship to the conditions of virus adsorption (Younger, 1956; Porterfield & Allison, 1960) . Both the composition and pH value of the inoculation medium affected the assay sensitivity. Virus suspended in Dulbecco's complete saline supplemented with 0.5% Difco gelatin or I to 4% (v/v) calf serum or 0"75 % bovine plasma albumin (Armour fraction V) gave three to four times as many plaques as virus suspended in saline alone. However, 2 % skimmed milk in the inoculation medium resulted in a poor HAD + background and plaques were not visible. Suspensions of virus in gelatine saline tested at pH values from 6 to 8 gave maximal plaque counts at pH 7"3 after adsorption at 35 °C for 3 h. Plaque counts at either pH 6 or 8 were, respectively, about a tenth and a third of those at pH 7"3.
The assay sensitivity decreased exponentially with the age of culture when infected with Mount Elgon bat virus but not when infected with vaccinia virus (Ankara and WR strains; Fig. 2 a) . Since the number of viable cells per culture has been shown to influence plaque counts (Porterfield, I959; Carver & Marcus, I967) , the plaquing efficiency of Mount Elgon bat virus was examined in confluent monolayers containing IO 7 to 5 x IOr viable cells. They were infected I4 h after seeding cells into the dishes; cultures with an average of Io 7 viable cells consistently produced twofold fewer plaques than cultures with 2 to 5 x IO 7 cells.
Maintenance maintained at pH values of 7"5 to 8"3 while the virus failed to produce plaques if the initial cultures were overlaid at pH 7"o or lower. Optimal pH values were maintained equally well with the following buffers: (a) tris-HC1 in concentration of 2"5 to 2o mM; (b) bicarbonate +5% COz in air buffers containing 2o to 5o mM-bicarbonate; (c) 2o mM-tris-HC1, pH 7.2 to 7"5, + IO mM-bicarbonate and (d) 2o mM-Hepes + io mM-bicarbonate.
The absence of calf serum in the overlay medium buffered with 2o mM-tris-HC1, pH 7"8 or 35 raM-bicarbonate + 5 % CO2 in air did not influence plaque counts but reduced plaque size.
Variation of the temperature of incubation affected only the plaque formation stage. Cultures infected under standard conditions and incubated at 3 z to 35 °C gave four to five times as many plaques as those incubated at 38 °C. Other steps in the assay, namely cell growth and incubation of cultures after challenge with Sendai virus, did not show this sensitivity to temperature. The plaque visualization stage of the assay was least affected by the various variables tested. Plaque counts and the quality of HAD + background were unaffected when the cultures challenged with Sendai virus were nourished with media buffered with 20 mM-tris+ HC1 at pH values of 7"2 to 8"3 and incubated at 32, 35 or 38 °C. The haemadsorption test could conveniently be applied 8 to 6o h after challenge with Sendai virus; longer times were not tested.
The assay described here complied with the major requirements expected of a plaque counting method (Cooper, I967) . Plaque counts were directly proportional to the dose of virus (Fig. 2b) ; each plaque was therefore initiated by I p.f.u. (Davis et al. I973) . Identification of plaques as those of Mount Elgon bat virus was established in neutralization tests using antibody to Mount Elgon bat virus in ascites fluid (RI 2o39 ) from mice immunized with the virus. This preparation of antibody was kindly provided by Dr J. Casals, Yale University. In such tests, serial twofold dilutions of antibody were prepared in gelatin saline, pH 7"3, and o'5 ml of each dilution was mixed with an equal volume of virus diluted to give a mean count of 2oo p.f.u./o.I ml. Controls consisted of normal mouse serum or ascites fluid at a dilution of I/5 and diluent,mixed similarly with virus. The mixtures were incubated at 35 °C for 2 h, and o-I ml volumes were inoculated into four or more chick cell cultures per mixture to determine residual infectivity and thus the extent of neutralization compared to controls. The antibody neutralized both the infectivity of the original virus seed and of subsequent stocks grown in brains of suckling mice (Fig. 2 c) . Furthermore, no plaques were produced by suspensions of tissues from normal suckling and adult mice.
The plaque assay described here was equal in sensitivity to the alternative quantal assay of this agent by titration in I-day-old mice by the intracerebral route. In a total of 22 determinations, the mean p.f.u. : LD~0 ratio was ~'3, with a range of 0.6 to 2"5. The reproducibility of the assay was determined in 93 separate titrations of one stock of mouse brain virus, in which titres of infectivity varied only between 8.t to 8.6 log p.f.u./ml. Assays made in cultures treated for I h at 37 °C with actinomycin D (0"5 #g/culture) or in cultures covered with o.oor M-5-iododeoxyuridine (Sigma Chemicals) gave the same titres as cultures not treated with the drugs, suggesting that Mount Elgon bat virus is an RNA virus. Plaque formation by a DNA virus (Ankara and WR strains of vaccinia virus) was completely inhibited in the drug-treated cultures.
